Push-Pull boundary optimization problem of special steel industry to improve customer service level by 황현지
 
 
저 시-비 리- 경 지 2.0 한민  
는 아래  조건  르는 경 에 한하여 게 
l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  
다 과 같  조건  라야 합니다: 
l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  
l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  
저 에 른  리는  내 에 하여 향  지 않습니다. 




저 시. 하는 원저 를 시하여야 합니다. 
비 리. 하는  저 물  리 목적  할 수 없습니다. 
경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 
/BN<Æ$3<Æ0A7HëH
¦Ìo "fqÛ¼ Ãºïr ¾Ó©̀¦ 0AôÇ :£¤Ãºy©
íß\O_ push-pull â
> þj&ho ëH]j
Push-Pull boundary optimization problem










ô=y©íß\OÉr {9'a]jô=íß\O(Integrated Steel Mill Industry, ISM)õ :£¤Ãºy©
íß\O(Special Steel Mill Industry, SSM)Ü¼Ð ½̈ìr)a.
ISMÉr push-pull D¥½+Ë |ÄÌ̀¦ &h6 xl 6 xsôÇX< qK SSMÉr íHÃºôÇ
pull ~½Óds þjs¦ #4RM®o. :r ½̈\"fH SSM̀¦ @/©Ü¼Ð q6 x
]Xy x9 ¦Ìo "fqÛ¼ ¾Ó©̀¦ 0AôÇ D¥½+Ë |ÄÌ_ â
> þj&ho ëH]j\¦ êr
.
@/³ð&h D¥½+Ë |ÄÌ 	Z>o t |ÄÌÉr /BN:x ìøÍ]j¾¡§̀¦ F¦Ð Ð'a
# z́]j Ãº¹כ  µ1ÏÒqt  Qt /BN&ñ








½̈̂&hÜ¼Ð ìøÍ]j¾¡§ F¦'ao ëH]jH Ô¦SX&ñ
&h Ãº¹כ \"f ìøÍ]j¾¡§_ 3lq
³ð F¦|¾Óõ FÐØæ ÅÒl\¦ ½̈H .s	כ sH Joint Replenishment Prob-
lem(JRP)ü< Ä» 9, ¿º ëH]j ̧¿º #Q >h_ ÅÒl\¦ ½̈H s	כ ëH]j\¦
#Q§>> ëßH. "f :r ½̈\"fH ÊëoÛ¼hË:̀¦ :xK ëH]j\¦ KôÇ.
NP − hard¦ ·ú9 JRPH ÅÒl\¦ ©Ãº °úכÜ¼Ð ¦&ñ
<ÊÜ¼Ð+ ëH]j
\¦ KHX<, :r ̧+þA\"f̧ sü< Ä»> ÅÒl\¦ 2_ 5pxÃº °úכÜ¼Ð ¦&ñ

H Power-of-Two policy\¦ ¦9ôÇ. z́+«>̀¦ :xK ìøÍ]j¾¡§ ̧{9 Êêü< q
§# q6 xs yèHd̀¦ Ð%i.
i
ÌÁ³À#a : :£¤Ãºy© íß\O, t |ÄÌ, F¦'ao ëH]j, JRP, Power-of-Two
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1. "Òeµ
1.1 ¥o>Ä© :¿R  ¥o>Ä©  ấ\
ô=y© íß\OÉr ß¼> {9'a]jô=íß\O(Integrated Steel Mill Industry, ISM)õ :£¤Ãº
y© íß\O(Special Steel Mill Industry)Ü¼Ð ½̈ìr)a. ISM\"fH push-pull D¥
½+Ë |ÄÌ̀¦ Ö̧µ1Ïy &h6 xôÇX< qK SSMÉr íHÃºôÇ pull ~½ÓdÜ¼Ð îr%ò
÷&#Q M®o
.
D¥½+Ë|ÄÌ	Z>ot|ÄÌ(Post-ponement Strategy)Ér (Alderson, 1950)
]j¾¡§ 	Z>o  ×¼QH r&h̀¦ þj@/ôÇ +'Ð pÀÒH ¦̀	כ _pôÇ. ÕªaË>
1.1ü< °ú s /BN:x /BN&ñ
̀¦ uH ¢-a]j¾¡§_ Ãº¹כ\¦ \V8£¤# /BN:x ìøÍ]j¾¡§Ü¼Ð
po ÒqtíßôÇ Êê(push), z́]j Ãº¹כ  µ1ÏÒqt  Qt /BN&ñ
̀¦ 5g ¦Ìo\>
]j/BNH .(s(pull	כ
ÕªaË> 1.1: 	Z>o t |ÄÌ
t |ÄÌ̀¦ &h6 x >hZ> ]j¾¡§_ Ô¦SXz́$í
s /BN:x ìøÍ]j¾¡§Ü¼Ð+ <Êa
¦9÷&l M:ëH\ ̂&h Ô¦SXz́$í
s yè÷& 9(risk pooling) /BN:x /BN&ñ
̀¦
po %ol M:ëH\ ¦Ìo o×¼e(customer lead time)s éß»¡¤÷&H ò́õ
  e(Lee and Tang, 1997; Denton et al., 2003).
ISM\"f D¥½+Ë |ÄÌs Ö̧µ1Ïy &h6 x÷&H sÄ»H ìøÍ]j¾¡§_ 7áxÀÓ  ôÇ&ñ
&h
1
sH \	כ e. ISMÉr ]j¾¡§ +þAIH \¦ Ãº etëß {9ìøÍ&hÜ¼Ð ô=Fg$3̀¦
0lq# y©óøÍ(slab)̀¦ ÒqtíßHX< sM: 6 x÷&H "é¶«Ñü< /BN&ñ
 ̧½+ËÉr ̧¿º ôÇ
 tÐ ¢-a]j¾¡§_ ªÉr y©óøÍ_ ¿ºaü< ß¼lÐëß ½̈Z>)a.
7£¤, %6£§ÂÒ' ¦Ìos ̈½¹כH ¿ºaü< ß¼l\ ú́2X ]j¾¡§̀¦ ÒqtíßH 	כ
s m y©óøÍ_ ¿ºa\¦ Y>  tÐ ôÇ&ñ






ISM\ t |ÄÌ̀¦ &h6 xôÇ ½̈H ìøÍ]j¾¡§ F¦ 'ao ëH]j(Balakrishnan
and Geunes, 2003), ìøÍ]j¾¡§_ ¿ºa <ÊÉr ß¼l &ñ
 ëH]j(Vonderembse, 1984;
Balakrishnan and Brown, 1996)\"fÂÒ'éß0A/BN&ñ
\@/ôÇÛ¼H×¦a AëH]j\
@/ôÇ ½̈̧ Ö̧µ1Ï(Vonderembse and Haessler, 1982).
ÕªaË> 1.2: {9'a]jô=(ISM) Òqtíß õ&ñ

2
s\ ìøÍK SSMÉr y©7áxõ "é¶«Ñ â
, /BN&ñ
 ̧½+Ë_ 7áxÀÓëß Ãºz  ts 9
¢-a]j¾¡§Ér Ãº;  tÐ ìøÍ]j¾¡§̀¦ çßôÇy ̧Ø¦l #Q9îr 8̈â
s.
:r ½̈\"fH SSM\"f q6 x ]Xy x9 ¦Ìo "fqÛ¼ Ãºïr_ ¾Ó©̀¦ 0AK
push ~½Ód_ &h6 x  0px$í
̀¦ 'a¹1ÏôÇ. s\¦ 0AK $ :£¤Ãºy©_ ]j¾¡§, "é¶«Ñ,
Òqtíß/BN&ñ
ìr$3̀¦:xKìøÍ]j¾¡§̀¦ ̧Ø¦¦,¿ºP:ÐìøÍ]j¾¡§_F¦'aoëH
]j\¦ ̧Ø¦# ëH]j\¦ KôÇ.
sM: ìøÍ]j¾¡§ ̧Ø¦ 3lq³ðH þj@/ôÇ ú́§Ér ¢-a]j¾¡§\ /BN:xÜ¼Ð 6 x|̈c Ãº e
̧2¤ ìøÍ]j¾¡§̀¦ ½̈$í
H õ	כ ¦Ìo o×¼e̀¦ þj@/ôÇ »¡¤èH \	כ e.
:r 7HëH\"fH SSM_ ìøÍ]j¾¡§ &ñ




$ :£¤Ãºy© íß\O_ z́]j A?/%i X<s'\¦ ½ÓÜ¼Ð ABCìr$3̀¦ :xK
¢-a]j¾¡§_ ×æ¹̧כ\¦ ½̈ìr%i. Õª õ 4600>h\ ²úH ̂ ¢-a]j¾¡§̀¦ @/
©Ü¼Ð Òqtíß ×æ|¾Ó_ ©0A 20%\ K{©H A ÕªÒ̈(921>h)\ ̂ Òqtíß ×æ|¾Ó
_ 85%  |9×æ÷&#Q e6£§̀¦ 'a¹1Ï¦ A ÕªÒ̈_ ¢-a]j¾¡§ëß̀¦ @/©Ü¼Ð /BN:x
ìøÍ]j¾¡§ ̧Ø¦̀¦ ¦9ôÇ.
'Í	 P: ìøÍ]j¾¡§ &ñ
 ¹èכ y©7áxÉr "é¶«Ñ Òqtíß éß>\"fÂÒ' &ñ
÷&l
M:ëH\ "fÐ Ér y©7áxÉr °ú Ér ìøÍ]j¾¡§Ü¼Ð Óü{9 Ãº \O. ¿º P: "é¶«Ñ â

Ér %ir "é¶«Ñ Òqtíß\"fÂÒ' &ñ
÷&tëß, X<s'\¦ ìr$3ôÇ õ ÅÒëH â
_
[0 ∼ +10 mm]?/\ eH °ú Ér y©7áx_ Ér "é¶«Ñ̧ ̧¿º °ú Ér ¢-a]j¾¡§̀¦ ëß×¼
HX< 6 x|̈c Ãº e6£§̀¦ 'a¹1Ï%i. "f, K{© #30A ?/_ "é¶«ÑH Ð
çßÅÒ ½+É Ãº e.
t}Ü¼Ð ̂ /BN&ñ
 ̧½+Ë ×æ ©@/&hÜ¼Ð /BN&ñ
 %o rçßs Âúª¦ ]j¾¡§
_ 	Z>o\¦ &ñ
 f±	H éß0A /BN&ñ
s  © $ %o÷&H ̧½+Ë̀¦ ̧¿º ]jü@
 /BN:x ìøÍ]j¾¡§ ̧Ø¦ ½©gË:̀¦ ̧Ø¦½+É Ãº e.
sXO> ̧Ø¦)a ìøÍ]j¾¡§Ér ̂ 122>hÐ :r ½̈\"fH ̂ Òqtíß ×æ|¾Ó_
20%\¦ 	tH ©0A 20>h_ ìøÍ]j¾¡§ëß ¦9 9, s\¦ ½ÓÜ¼Ð ìøÍ]j¾¡§ F
¦'ao ëH]j\¦ ̧Ø¦ôÇ.
ìøÍ]j¾¡§ yyÉr "fÐ Ér ¢-a]j¾¡§Ü¼Ð Òqtíß÷& 9 Ãº¹כü< éß0A rçß({9) {©
3
î̈
çH ÅÒëH SÃº  ̧¿º ØÔl M:ëH\ ̧H ìøÍ]j¾¡§̀¦ _ ÅÒlÐ 'ao
H9÷&Hq6 x_éß0ArÉrÂÒÛ¼XO."f/BN:xìøÍ]j¾¡§'ao\¦	כ
çß {© lÎ.	°ú̀כ¦ þjèoH >hZ> ÅÒlü< 3lq³ð F¦|¾Ó̀¦ &ñ
H ëH]j\¦ ̧
Ø¦½+É Ãº e.
4¤Ãº ÅÒl\¦ ½̈H Ér	כ ëH]j\¦ #Q§>> ëß×¼H >¹Xכ "f :r 7H
ëH\"fH éß{9 ̧+þA̀¦ &ñ
_# ëH]j_ ½̈̧\¦ ¶ú(RÐ¦, 4¤Ãº ̧+þAÜ¼Ð SX
©ôÇ.
4¤Ãº ̧+þAÉr Joint Replenishment Problem(JRP)\"fÄ»>'a¹1Ï÷& 9
s ëH]jH NP − hard¦ ·ú94R e(Arkin et al., 1989). :£¤y 4¤Ãº ÅÒëH
ÅÒl\¦ ½̈H s	כ ëH]j\¦ #Q§>> ëß×¼H ¹slכ M:ëH\ JRP ½̈_ Êë
oÛ¼hË:Ér ÅÒl\¦ ̧&ñ
H \	כ |9×æ÷&#Q e. :£¤&ñ
 ½©gË:̀¦ &h6 x# ÅÒëH
ÅÒl\¦ ©ÃºÐ ¦&ñ
(Jackson et al., 1985) <ÊÉr ]jd̀¦ :xK ÅÒl_
°ú̀כ¦ ôÇ&ñ
r(Eynan and Kropp, 1998).
sQôÇ]XHZOÉr JRP  Economic Order Quantity(EOQ) ̧+þA_SX©)a
ëH]jsl M:ëH\  0pxôÇX<, EOQ ̧+þA_ insensitivity $í
|9Ér þj&h ÅÒëH ÅÒ
lÐ | ÅÒl\¦  &ñ
8̧ þj&h 3lq&h<ÊÃº\ 	H %ò
¾Ó̀¦ ÅÒt ·ú§HH




̀¦ ÅÒt ·ú§HH ¦̀	כ Ð©½+É Ãº el M:ëHs.
s%!3 :r ½̈\"f ÀÒH ̧+þA ¢̧ôÇ #Q§>¦ ÆÒ8£¤½+É Ãº el M:ëH\
$éß{9 ̧+þA_ ½̈̧\¦$µ1ßy¦,s\¦½ÓÜ¼Ð4¤Ãº ̧+þA_ÊëoÛ¼hË:
̀¦ ]jîßôÇ. éß{9 ̧+þA_ 3lq&h<ÊÃºH T  ©ÃºÐ ¦&ñ
÷&%3̀¦ M: v\ @/K
̂¦2¤<Ê̀¦ 7£x"î
%i. 4¤Ãº ̧+þA_ 3lq&h<ÊÃºH éß{9 ̧+þA_ 3lq&h<ÊÃº  8
K +þAIs 9, ÆÒ ÷&H Òqtíß 6 x|¾Ó ]jdÉr v\ @/K +þAsÙ¼Ð ̂ /BN
:x ìøÍ]j¾¡§(n)\ @/K Tns ©ÃºÐ ¦&ñ
÷& 4¤Ãº ̧+þA ¢̧ôÇ vn\ @/K ̂¦2¤
$í
̀¦  .
r ú́K, éß{9 ̧+þA̀¦ n Û¦#Q %3Ér Tns 4¤Ãº ̧+þA_ {9§4°úכs ÷&




&h<ÊÃº °úכ\ 	H %ò
¾Ó̀¦ put ·ú§6£§̀¦ Ð©½+É Ãº e.
Tn̀¦ ¦&ñ
H ~½ÓZO ×æ  Power-of-Two policyH l>r\ JRP_ Êë
oÛ¼hË: ~½ÓZO ×æ Ð y ÅÒl °ú̀כ¦ éß{9 ̧+þA̀¦ Û¦#Q %3Ér °úכÐ ß¼tëß
 © Ér 2_ 5pxÃº °ú̀כ¦  &ñ
ôÇ(Jackson et al., 1985). sQôÇ ]XHZOÉr
4¤Ãº ̧+þA_ ïrþj&hK(suboptimal)\¦ ̧Ø¦ôÇ. sH z́]j þj&hKü< q§
# ̧	\¦  ttëß z́]j îr%ò
©_ 'a&h\"f K®o̀¦ M: #Q >h_ ìøÍ]j¾¡§ ÅÒ
l\¦ >hZ>&hÜ¼Ð ¦9H Ð	כ 2_ 5pxÃº °úכÜ¼Ð ¦9H s	כ îr%ò
 Û¼
H×¦̀¦ 8¹¡¤ çßéß> ëß[þtl M:ëH\ ò́Ö¦$í
̀¦  .
1.2 e×iµ ¥o>Ä©
:r 7HëH\"f ÀÒH t |ÄÌÉr Alerson (1950)\ _K þjíÐ ]jr)a >h¥Æ
s. t |ÄÌs ̧{9)a Câ
Ér ÓütÀÓ íß\O\"f z©q÷&H q6 x̀¦ ]XyH
\	כ e%3. Zinn (1990)\"fH 6£§«Ñ\¦ ÓütÀÓG'p'Ð C5ÅxH õ&ñ
\"f ¢-a
]j¾¡§̀¦ C5ÅxH s	כ  6£§«Ñ "é¶Óo̀¦ C5ÅxH ¦̀	כ ]jîßôÇ. 7£¤, ¦Ìo
õ  ©  îr t&ht "é¶ÓoÜ¼Ð C5ÅxH Ér	כ ¦Ìo Ãº¹כ  ½̈̂o|̈c M:
t ìøÍ]j¾¡§ +þAIÐ C5ÅxH .s	כ
Dapiran (1992)\"fH Benettons #Q  t Òo©_ Û¼J?'\¦ ÒqtíßH
X< t |ÄÌ̀¦ &h6 xôÇ YV\¦ è>hôÇ. l>r\ BenettonÉr y Òo© Z> Ãº
¦\¹כ \V8£¤# %iÒoôÇ z́̀¦ s6 x# Û¼J?'\¦ ÒqtíßÙþ¡HX<, J íß\OÉr Ä»
'\ y¦ o âì2£§s ØÔl M:ëH\ \V8£¤ Ãº¹כ\ ̧	  (. s\
BenettonÉr Ï̧Òo z́Ð Û¼J?'\¦ ÒqtíßK éH Êê, :£¤$í
 Òo©\ @/ôÇ z́]j ÅÒëH
s [þt#Q̧ Ï̧Òo Û¼J?'\¦ :xP:Ð %iÒo# Ãº¹כ\ @/6£x%i.
sXO> t |ÄÌ_ íl ½̈H íß\O îr%ò
_ &ñ
Õþ&h 8£¤\"f sn
#Q\¦ ]jîßH Ãºïrs%i þjH\H ̧wn íß\O_ µ1Ï²úõ <Êa (1)ìøÍ]j¾¡§
̧Ø¦ ëH]j, (2)ìøÍ]j¾¡§ Òqtíß ëH]j, (3)ìøÍ]j¾¡§ ½+É{© ëH]j, (4)ìøÍ]j¾¡§ /BN&ñ
 Û¼H
×¦a A ëH]jõ °ú s Òqtíß îr%ò
_ ëH]jü< 8Ô¦#Q ½̈÷&¦e.
Swaminathan and Tayur (1998)_ ½̈\"fH ¦Ìo Z>Ð "fÐ Ér ª
_(ÉÓ'\¦ÅÒëHH©S!\"ft|ÄÌ̀¦&h6 xôÇ?/6 x̀¦êr. ̧H¢-a
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]j¾¡§\ /BN:xÜ¼Ð [þt#Q H ÂÒ¾¡§̀¦ ̧wn# ìøÍ]j¾¡§Ü¼Ð Ð'a¦, z́]j ÅÒ
ëHs [þt#Q̧ ª\ ú́> ÂÒ¾¡§̀¦ ÆÒ  ̧wn# ]j¾¡§̀¦ ¢-a$í
%i. sQ
ôÇ |ÄÌ̀¦ :xK IBMÉr ¦Ìo o×¼e̀¦ éß»¡¤rv¦ ¦Ìo "fqÛ¼ Ãºïr̀¦ ¾Ó
©r~́Ãºe%3.sµ1Ú\̧ ̧wníß\O\"ft|ÄÌ&h6 x̀¦6 xs>̧
2¤ ÂÒ¾¡§ ̧wn íH"f\¦ Ë̈#Q ìøÍ]j¾¡§Ü¼Ð SXÐ9H r̧  ú́§¤ (Brown
et al., 2000). sQôÇ ½̈ âì2£§Ér ]j¾¡§ [O> õ&ñ
\"f þj@/ôÇ ú́§Ér /BN:x ÂÒ
¾¡§̀¦ [O>H ~½Ó¾ÓÜ¼Ð SX@/÷&%3(Lee and Billington, 1994).
:r 7HëH\"fH :£¤y ô=y© íß\O\ |9×æôÇ. Denton et al. (2003)õ Bal-
akrishnan and Geunes (2003)_ ½̈\"fH ISM_ y©óøÍ Òqtíß õ&ñ
\"f t




\ ú́> ÆÒ  Òqtíß# /BN/åLôÇ. sM:, se̀¦ þj@/ol 0AK :£¤&ñ
 ¢-a]j







and Brown, 1996). tëß :£¤Ãºy© íß\OÉr "é¶«Ñ_ 7áxÀÓ  ª# ìøÍ]j¾¡§̀¦
~1> ̧Ø¦½+É Ãº \O. "f t |ÄÌ &h6 x̀¦ 0AK"fH "é¶«Ñ, ¢-a]j¾¡§, /BN&ñ

̧½+Ë ìr$3̀¦ :xK ò́Ö¦&h ìøÍ]j¾¡§̀¦ ̧Ø¦# s _	כ F¦'ao ëH]j\¦ 
ÀÒ#Q ôÇ.
:£¤Ãºy© íß\OÉr /BN:x ìøÍ]j¾¡§ ̧Ø¦ õ&ñ
\ @/K 'a¹1Ï¦, ìøÍ]j¾¡§_ F¦
'aoëH]j\¦¦9KôÇ.:r½̈\"fHéß{9/BN:xìøÍ]j¾¡§ ̧+þAõ4¤Ãº/BN
:x ìøÍ]j¾¡§ ̧+þA̀¦ &ñ
_HX<, 4¤Ãº >h_ ìøÍ]j¾¡§ yyÉr "fÐ Ér ¢-a]j¾¡§
Òqtíß\6 x÷& 9Ãº¹כü<éß0Arçß({9){© î̈
çHÅÒëHSÃº  ̧¿º ØÔ.
"f /BN:x ìøÍ]j¾¡§_ Òqtíß|¾Óõ Òqtíß ÅÒl\¦ ̧¿º ¦9KôÇ.
sQôÇ ëH]jH 4¤Ãº ]j¾¡§_ 3lq³ð ÅÒëH|¾Óõ ÅÒëH ÅÒl\¦ ÀÒH ëH]j
JRP\"f Ä»> 'a¹1Ï)a. Arkin et al. (1989)H JRP  NP − harde̀¦
6
7£x"î
Ùþ¡HX<, 4¤Ãº ]j¾¡§ Z> ÅÒëH ÅÒl\¦ ½̈H s	כ ëH]j\¦ #Q§>> ëß×¼H
X<, s\¦ Û¦l0AôÇ ÊëoÛ¼hË:Ér ÅÒl\¦ ÀÒH \	כ |9×æ÷&#Qe.
sQH ]XHZOÉr JRP  EOQ ̧+þA\"f SX©)a ëH]jsl M:ëH\  0pxôÇ
X< EOQ ̧+þAÉr þj&h ÅÒlÐ 	H ÅÒl\¦  &ñ
K̧ þj&h 3lq&h<ÊÃº °úכ\ ß¼
> %ò
¾Ó̀¦ put ·ú§6£§̀¦ Ð©H sensitivity $í
|9̀¦  t¦ eÜ¼ 9, s ̧
+þAs JRPÐ SX@/÷&"f Ä»t)a.
Jackson et al. (1985)_ ÊëoÛ¼hË:\"f þj&h ÅÒlü< Ér ÅÒl\¦ ½̈H
~½ÓZOÜ¼Ð Power-of-Two Policy\¦þjíÐ]jîßÙþ¡.Ãº9} ¹כ&ñ
¦$©6 x
|¾Ó ]js \OH ©S!\"f ÅÒëH ÅÒl\¦ ½̈H ëH]j\¦ êr. sM: ÅÒëH '
0A\"f µ1ÏÒqtH ÅÒëH q6 xõ #Q" ¢-a]j¾¡§[þt̀¦ <Êa ÅÒëH\  ØÔ
> µ1ÏÒqtH joint q6 x̀¦ ¦9 9 ̂ ÅÒëH q6 x̀¦ þjèoH ]j¾¡§(i)_
ÅÒëH ÅÒl(Ti)\¦ &ñ
ôÇ. Ti yy̀¦ ½̈H s	כ #Q§>l M:ëH\ Ti  2_
5pxÃº °úכs ÷&H ]jd̀¦ ÆÒ # ëH]j\¦ KôÇ.
Eynan and Kropp (1998)\"fH Ô¦SX&ñ
 Ãº¹כ\"f ]j¾¡§(i)_ 3lq³ð F¦
|¾Ó(Qi)õ FÐØæ ÅÒl(Ti)\¦ ½̈H ëH]j\¦ ÀÒHX< s\¦ Û¦l 0AK éß{9
̧+þA̀¦4¤Ãº]j¾¡§>hÃºëßpuìøÍ7á¤#FÐØæÅÒl\¦yy ½̈ôÇ.sM:%3Ér
ÅÒl ×æ  © ÂúªÉr ÅÒl\¦ l:r ÅÒlÐ [O&ñ
¦, l:r ÅÒlü< Ér ÅÒl 
̧¿º CÃº'a>\¦ t̧2¤©Ãº°ú̀כ¦ ½̈ôÇ.s½̈\"fHÃº¹כ\¦ î̈
çHÜ¼
Ð Hr& ÀÒ¦ ]jds \Ol M:ëH\ :r ̧+þAõ 	s  èß.




êr. s 7HëH\"fH éß{9 ̧+þA\ |9×æ 9 s\¦ 4¤Ãº ̧+þAÜ¼Ð SX©tëß
/BN/åL _þt 8̈â
̀¦ ÀÒl M:ëH\ :r ½̈_ Câ
õ ØÔ.
{9ìøÍ&h JRP ëH]jH Õª #Q9¹¡§ M:ëH\ @/ÂÒìr_ ½̈H Ä»ôÇ âì2£§_
ÊëoÛ¼hË:̀¦ êr. Äºo ½̈ ¢̧ôÇ ÊëoÛ¼hË:_ ]XHZOs Ä»tëß JRP
½̈\"f ÀÒH ̧+þA\"f Õª 	s  µ1ÏÒqtôÇ. Äºo ëH]jH Ãº¹כ\¦ Ô¦SX&ñ

&hÜ¼Ð ÀÒHX< ìøÍK l>r ½̈\"fH SX&ñ
&h Ãº¹כ Ô¦SX&ñ
 Ãº¹כ\¦ H
&hÜ¼Ð ¦9ôÇ. ¢̧ôÇ :r ½̈\"fH joint Òqtíß 6 x|¾Ó̀¦ ]jdÜ¼Ð ¦9
7
HX< {9ìøÍ&h JRPH ]jds \O¦ joint q6 x̀¦ ¦9l M:ëH\ :£¤Ãºy©
íß\O\ &h6 xl #Q§>.
1.3 Ðaµ%K Ä©Å]
:r 7HëHÉr 6£§õ °ú s ½̈$í
÷&#Q e. 2©\"fH :£¤Ãºy© íß\O_ ìøÍ&h
:£¤$í
õ z́]j X<s'\¦ 'a¹1ÏôÇ õ\¦ [O"î
¦ /BN:x ìøÍ]j¾¡§ ̧Ø¦ ½©gË:̀¦ ]j
îßôÇ. 3©\"fH ½©gË:̀¦ ½ÓÜ¼Ð ̧Ø¦)a /BN:x ìøÍ]j¾¡§s {9 M:ü< 4¤
Ãº >h {9M:_ 3lq³ð F¦|¾Óõ FÐØæ ÅÒl\¦ ½̈H ̧+þA yy̀¦ &ñ
_¦,
4©\"fH 3©\"f ]jîßôÇ éß{9 /BN:x ìøÍ]j¾¡§ ̧+þA_ Ãºo&h ½̈̧\¦ ¶úx¦
s\¦ ½ÓÜ¼Ð 4¤Ãº ̧+þA̀¦ KH ÊëoÛ¼hË:̀¦ ]jîßôÇ. 5©\"fH Êëo
Û¼hË:̀¦ ½ÓÜ¼Ð 'ôÇ z́+«> õü< Õª _p\¦ ¶ú(RÐ¦ t} 6©\"fH
:r x9 ÆÒÊê õ]j\¦ ]jrôÇ.
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2. ð5V̧ §«כ ¿·
s ©\"fH :£¤Ãºy© íß\O_ ]j¾¡§õ "é¶«Ñ, Òqtíß/BN&ñ
 ìr$3̀¦ :xôÇ ò́õ&h
ìøÍ]j¾¡§ ½̈$í
\ @/K ·ú:r. ìr$3 ~½Ó¾ÓÉr þj@/ôÇ ú́§Ér ¢-a]j¾¡§\ /BN:xÜ¼Ð
6 x|̈c Ãº e̧2¤ ½̈$í
H õ	כ ¦Ìo o×¼e̀¦ þj@/ôÇ éß»¡¤H \	כ e
.
2.1 §́ÊÁ"× ñ5Ñá+ §́b
:£¤Ãºy©Ér {9ìøÍ ô=y© ]j¾¡§\ 6 x̧\ ú́H #Q ½+Ë FK "é¶è\¦ ' ôÇ :£¤Ãº ô=
y© ]j¾¡§̀¦ {9(H. :£¤Ãºy© íß\OÉr ISM\"f ÒqtíßôÇ "é¶«Ñ\¦ Û¼- \O̂_
ÅÒëH\  :£¤&ñ
 /BN&ñ
 ̧½+Ë̀¦ 5g :£¤&ñ
 â
Ü¼Ð ëß×¼H %i½+É̀¦ ôÇ. s
XO> 1	  /BN̀¦ 2; ]j¾¡§Ér Û¼- \O̂\¦ :xK ̂6 x ÂÒ¾¡§Ü¼Ð ëß[þt#Q
4R þj7áx ¦Ìo\> óøÍB)a (ÕªaË> 2.1).
:£¤Ãºy©íß\O\"fÒqtíßH]j¾¡§Ér 2	 /BN̀¦5g ̂¦àÔ,-àÔ1pxÜ¼ÐÒqt
íß÷&HX< sH 1lx	, ½Ó/BNl, íß\O ©q 1px̀¦ ̧wnHX< 6 x)a. s 
Û¼- \O̂  ëß×¼H ]j¾¡§Ér þj7áx ¦Ìo  #Q" ÂÒ¾¡§̀¦ ̧wn\  
ªôÇ $í
|9õ ̧ª_ ÂÒ¾¡§̀¦ Òqtíß 9 sH :£¤Ãºy© ]jô=è\"f ÒqtíßH ¢-a
]j¾¡§_ 7áxÀÓ\¦ ª> ëßH.
ÕªaË> 2.1: :£¤Ãºy© íß\O_ /BN/åL_þt
9
:£¤Ãºy© íß\O\"f ¢-a]j¾¡§̀¦ &ñ




$ y©7áxÉr "é¶«Ñ\"fÂÒ' &ñ
÷& 9 #Q" "é¶è\¦ ½+Ë FKÙþ¡\  ²ú
. :r 7HëH\"f ¦9H z́]j l\Os ÀÒH y©7áxÉr  95 ts. "é¶
«ÑH y©7áxõ "é¶«Ñ â
Ü¼Ð ½̈$í
÷&HX< 1lx{9ôÇ y©7áx \ ¦Ìos ÅÒëHôÇ ]j
¾¡§̀¦ ÒqtíßHX< 6 xsôÇ â









ÉrèÃº&hÑütP:otBÄº[jx9 9)6 x ̧	#30AH î̈
çH ±0.04mm&ñ

̧Ð BÄº . {9ìøÍ&hÜ¼Ð :£¤Ãºy© íß\O_ /BN/åL  0px â
Ér 2 ∼ 55 mms
.
t}Ü¼Ð /BN&ñ
 ̧½+ËÉr ÕªaË> 2.2ü< °ú s "é¶«Ñ\¦ ]jü@ôÇ 8>h_ éß0A /BN
&ñ
_ ̧½+ËÜ¼Ð &ñ
)a. sM: íH"f\ ©'a\Os 1lx{9ôÇ éß0A /BN&ñ
s #Q
í<Ê|̈c Ãº eÜ¼ 9, :r ½̈\"fH 32 t_ /BN&ñ
 ̧½+Ë̀¦ êr.
s:r&hÜ¼Ð ¢-a]j¾¡§_ 7áxÀÓH ôÇ&ñ
½+É Ãº \Otëß, z́]j l\O_  2̧çß_
A?/%i X<s'\¦ ìr$3# ¦9H ̂ ¢-a]j¾¡§̀¦ 4600>hÐ ôÇ&ñ
ôÇ.




l\OÉr rçßõ q6 xõ °ú Ér "é¶\ ôÇ>  el M:ëH\ ̧H ¢-a]j¾¡§̀¦ °ú Ér
lïrÜ¼Ð 'ao½+É Ãº \O. "f  6 x "é¶̀¦  © ×æ¹כôÇ ]j¾¡§̀¦ 'ao
HX< 6 xH s	כ ½+Ëo&hs 9 ̂ ¢-a]j¾¡§̀¦ ×æ¹̧כ\  ½̈ìrl 0A
K ABC ìr$3 lZOs 6 x)a. sH èÃº  Z}Ér ×æ¹̧כ\¦ 	t 9, Ãº
  ±úÉr ×æ¹̧כ\¦ 	tôÇH Pareto_ "é¶o\¦ ØÔH Ü¼Ð	כ ̂ ¢-a]j¾¡§
̀¦ A, B, C [j ìrÀÓÐ èH. sM:, ×æ¹̧כ ©0A 20%_ ¢-a]j¾¡§Ér A ÕªÒ̈Ü¼
Ð, 30%, 50%\ K{©H ]j¾¡§Ér yy B, C ÕªÒ̈Ü¼Ð ½̈ìrôÇ.
:r 7HëH\"fH 4600>h_ ¢-a]j¾¡§̀¦ Òqtíß ×æ|¾Ó lïrÜ¼Ð ABC ìr$3̀¦ 
'%i¦Õªõ̂ 20%\K{©H 921>h_¢-a]j¾¡§s̂Òqtíß×æ|¾Ó_
85%\¦ 	t<Ê̀¦ 'a¹1Ï%i. ÕªaË> 2.3Ér ̂ ìr$3 õ\¦ Ð#ÅÒHX< &h
Ér {9ìøÍ&h pareto curve\¦ _p¦ ÔÉr Ér :£¤Ãºy© íß\O_ /BG̀¦ 
?/HX<, :£¤Ãºy© /BGs 8¹¡¤  2£§̀¦ ̂¦ Ãº e¦ sH :£¤Ãºy© íß\O_ ]j¾¡§
Ãº¹כ  {9ÂÒ\ |9×æ÷&#Q e6£§̀¦ _pôÇ. :r ½̈\"fH /BN:x ìøÍ]j¾¡§̀¦ ̧
Ø¦HX< ̂ ¢-a]j¾¡§ ×æ A ÕªÒ̈\ K{©H ]j¾¡§ëß ¦9ôÇ.




 ¹èHכ (1) y©7áx, (2) "é¶«Ñ â
, (3) /BN:x /BN&ñ
Ü¼Ð /BN:x ìøÍ]j¾¡§
Ér >h¥Æ© [j $í
|9s ̧¿º 1lx{9K ôÇ.
$ y©7áxÉr ISM_ "é¶«Ñ Òqtíß éß>\"fÂÒ' &ñ
÷&l M:ëH\ ôÇ &ñ

)a y©7áxÉr Õª $í
|9̀¦ ÜãJ Ãº \OÜ¼ 9, "fÐ Ér y©7áxÉr °ú Ér ìøÍ]j¾¡§Ü¼Ð Óü
{9 Ãº \O.
¿º P:Ð "é¶«Ñ â
 ¢̧ôÇ y©7áxõ ðøÍ tÐ "é¶«Ñ Òqtíß éß>\"fÂÒ'
&ñ
÷&tëß y©7áxõ Ér &hÉr :£¤&ñ
 ]j¾¡§̀¦ ëß[þtl 0AK 6 x÷&H "é¶«Ñ â

s Ä»{9t ·ú§H s	כ :£¤fç
s.
¦Ìos :£¤&ñ
 ]j¾¡§̀¦ ÅÒëHÙþ¡¦  &ñ




ÒqtíßHX< 6 x½+É Ãº e. tëß, ¦Ìos ÅÒëHôÇ â
õ BÄº 	H 	s 
H â
̀¦  tH "é¶«ÑH  \O\ q6 xs ú́§s [þtl M:ëH\ &³z́&hÜ¼
Ð 6 x÷&t ·ú§H. "f X<s'ÐÂÒ' y ]j¾¡§Z>Ð ÅÒÐ 6 x÷&H ÅÒ"é¶
«Ñ\¦ ̧Ø¦½+É Ãº e¦ ÅÒ"é¶«Ñ   "é¶«Ñ̧ {9ÂÒ 'a¹1Ï)a. r ú́K, :£¤&ñ

#30A ?/_ â
̀¦  tH 1lx{9 y©7áx_ "é¶«ÑH ̧¿º _ ]j¾¡§̀¦ ëß×¼HX<
6 x|̈c Ãº eH .s	כ
sQôÇ 'a&hÜ¼Ð A ÕªÒ̈_ ¢-a]j¾¡§ Òqtíß\ 6 x÷&H "é¶«Ñ\¦ ìr$3KÐ
¦ÌosÅÒëHôÇ]j¾¡§̀¦ÒqtíßHX<6 x÷&HÅÒ"é¶«Ñâ
_ [-5 ∼ +10mm]?/
_ â
̀¦  tH °ú Ér y©7áx_ Ér "é¶«ÑH _ "é¶«ÑÐ çßÅÒ½+É Ãº e.
sH A ÕªÒ̈ ?/_ ¢-a]j¾¡§̀¦ ÒqtíßHX< 6 x÷&H "é¶«Ñ\¦ éßíHorv 9 l
>r\ qK &h_ Ãº_ ìøÍ]j¾¡§̀¦ ̧Ø¦½+É Ãº e> )a.





̀¦ 5g þj7áx&h _ ìøÍ]j¾¡§s Òqt$í
)a.
:r 7HëH\"fH 32 t /BN&ñ
 ̧½+Ë̀¦ ÀÒHX<, ̂ /BN&ñ
 ̧½+ËÉr [j  t
12
_ ÕªÒ̈Ü¼Ð ìrÀÓ½+É Ãº e¦ ³ð 2.4H y ÕªÒ̈_ @/³ð&h /BN&ñ
 ̧½+Ë \Vr\¦
Ð#ïr. /BN&ñ
 ̧½+Ë ‘HD’Ér Ér /BN&ñ
 ̧½+Ë\ qK /BN&ñ
 %o rçßs BÄº
Âúªl M:ëH\ /BN:x ìøÍ]j¾¡§_ #3ÅÒ\ í<Êrvt ·ú§̧ ¦Ìo "fqÛ¼ $\
ß¼> %ò







‘HD’ü< ‘SAIP’õ °ú s /BN:x /BN&ñ
\ í<Êrvl\ ÂÒ&h]X¦ óøÍéß÷&
H ̧½+Ë[þt̀¦ ]jü@ 18 t_ /BN&ñ
 ̧½+Ës zHX< s[þts   /BN:x&hÉr
\P%o /BN&ñ
s í<Ê÷&#Q eH .s	כ \P%o /BN&ñ
Ér ô=y© ]j¾¡§̀¦ Òqtíß
½+É M: Êê5Åq /BN&ñ
_ %o  6 xs̧2¤ F«Ñ_ $í
|9̀¦ ÂÒ×¼XO> ëß×¼H /BN&ñ

̀¦ _pôÇ. sH _ /BN&ñ









Ü¼Ð po %o)a ½©̧_ â
]j ò́õÐÂÒ' @/
½©̧\¦1lxr\%olM:ëH\>hZ>%oq6 xsyèôÇ. ¢̧ôÇ|rçßs
po %o÷&l M:ëH\ ¦Ìo o×¼e̀¦ þj@/ôÇ yèr& ¦Ìo "fqÛ¼ Ãºïr




2.5 ð5V̧ §«כ ¿· ÄªÓÏ
s]X\"fH]X 2.3\"fìr$3ôÇõ\¦½ÓÜ¼Ð/BN:xìøÍ]j¾¡§ ̧Ø¦½©gË:̀¦
]jîßôÇ. 1lx{9ôÇ y©7áx \ _ ÅÒ"é¶«Ñ â
_ [-5 ∼ +10 mm]#30A ?/\
eH ̧H"é¶«Ñ\¦ÐçßÅÒôÇ.s\¦½ÓÜ¼Ð6£§_[jéß>\¦&h6 x
 þj7áx /BN:x ìøÍ]j¾¡§s %3#Q. sM: y /BN&ñ
 ̧½+Ë\"f í©õ  éß>
H ̧¿º 1lx{9l M:ëH\ Òqt|ÄÌ%i.
1 éß>
_ /BN&ñ
 ̧½+Ë\ ]j¾¡§ 	Z>o /BN&ñ
()s í<Ê÷&#Q eÜ¼
 /BN&ñ
 ·ú¡ éß0A /BN&ñ
ëß ¦9ôÇ. m, l>r_ ̧½+Ë Õª@/Ð\¦
¦9ôÇ. sM:,  /BN&ñ
s  © $ H ̧½+ËÉr lÐ ìrÀÓôÇ.
³ð 2.1õ 2.2H :£¤Ãºy©_ z́]j /BN&ñ
 ̧½+Ë {9ÂÒ\¦ @/©Ü¼Ð [éß> 1]_ &h
6 x  Êê\¦ ·p .s	כ
/BN&ñ
 ̧½+Ë íß[j \P%o   íß[j SKP
1 SA © © © ©
2 L)AIP © © ©
³ð 2.1: [éß> 1] &h6 x 
14
/BN&ñ
 ̧½+Ë íß[j \P%o   íß[j SKP
1 SA © © ©
2 L)AIP © © ©
³ð 2.2: [éß> 1] &h6 x Êê
2 éß>
[1 éß>]\¦ 2; /BN&ñ
 ̧½+Ë̀¦ @/©Ü¼Ð e_Ð \¦ ×þ.
#î
3lq/BN&ñ
(\P%o)  í<Ê÷&#Q eÜ¼, \P%o_ 7áxÀÓ\ 
"fÐ Ér ÕªÒ̈Ü¼Ð ½̈$í
ôÇ. m, lÐ ìrÀÓôÇ.
:£¤Ãºy© íß\O_ \P%o 7áxÀÓH [j  tÐ Spheroidized Annealing (SA),
Low Temperature Annealing (LA), Regular Annealing (RA)s.s[j7áxÀÓ
H %o ~½ÓZOõ l>  ̧¿º ØÔl M:ëH\ /BN:x /BN&ñ
Ü¼Ð Óü̀¦ Ãº \OÜ¼ 9
>hZ>&hÜ¼Ð ¦9K ôÇ.
/BN&ñ
 ̧½+Ë íß[j \P%o(RA) \P%o(SA)  íß[j
1 RAPC © © ©
2 SAPC © © © ©
³ð 2.3: [éß> 2] &h6 x 
ÕªÒ̈ /BN&ñ
 ̧½+Ë íß[j \P%o(RA) \P%o(SA)  íß[j
ÕªÒ̈ 1 RAPC © © ©
ÕªÒ̈ 2 SAPC © © © ©




ôÇ ÕªÒ̈ Z>Ð °ú Ér ÕªÒ̈\ 5ÅqôÇ /BN&ñ
 ̧½+Ë_
éß0A /BN&ñ




ôÇ. sM:, °ú Ér íH"f\¦  tH #Q |9½+Ës
ÒqtU́ Ãº eHX<,|9½+Ë Z> Ãº¹כ\¦ q§# 	H Ãº¹כ\¦  tH |9½+ËÜ¼Ð
 Qt\¦ ̧¿º í<Êr.
[éß> 2]t u /BN&ñ
 ̧½+ËÉr \P%o 7áxÀÓ\  [j  t ÕªÒ̈s ̧
Ø¦÷&HX< y ÕªÒ̈_ ̂ Òqtíß q×æÉr 41%, 8%, 0.4%s. "f :r 7HëH
\"fH Òqtíß q×æs ·ú̧&h 'Í	 P: ÕªÒ̈ëß ¦9ôÇ. 'Í	 P: ÕªÒ̈Ér SA
/BN&ñ
 ÕªÒ̈s.
'Í	 P: ÕªÒ̈\ 5ÅqH /BN&ñ
 ̧½+ËÉr ̧¿º 11 t X<, s\¦ @/©Ü¼Ð éß
0A /BN&ñ
_ íH"f  °ú Ér /BN&ñ
 ̧½+Ë̀¦ /BN:x ìøÍ]j¾¡§Ü¼Ð ½̈$í
½+É Ãº e. t
ëß, sM: â
Äº\  #Q >h_ /BN:x /BN&ñ
̀¦ ½̈$í
½+É Ãº eH #t  e.
³ð 2.5\¦ Ð /BN&ñ
 ̧½+Ë 1õ 2\¦ íß[j-\P%o-t /BN:x /BN&ñ
Ü¼Ð
½̈$í
½+É Ãº e¦, 1lxr\ 1, 2, 3 /BN&ñ
 ̧½+Ë̀¦ íß[j-\P%ot /BN:x /BN&ñ
Ü¼Ð
½̈$í
½+É Ãº̧ e. sM:, y /BN&ñ




$ Òqtíß ×æ|¾Ó_ ½̈$í
s Ãº1)¹כ)õ °ú ¦  &ñ
¦ 1, 2_ ̧½+Ë̀¦ A,
1, 2, 3_ ̧½+Ë̀¦ B . AÐ ìøÍ]j¾¡§Ü¼Ð ½̈$í
 ̂ 10 %_ ×æ|¾Ó̀¦
Òqtíß½+É Ãº etëß sH 3_ ̧½+ËÜ¼Ð Òqtíß½+É Ãº eH ×æ|¾ÓÐ &hl M:ëH\
Aü< 3̀¦ ½+Ë5g BÐ ìøÍ]j¾¡§̀¦ ½̈$í
ôÇ. s\H Ãº2)¹כ)\¦  &ñ
. sM:
AH̂_ 20%, /BN&ñ








 ̧½+Ë íß[j \P%o(SA)  íß[j SKP Ãº1)¹כ) Ãº2)¹כ)
1 S)AIP © © © © © 5% 5%
2 PSALAF © © © 5% 15 %
3 PSASAIP © © 20% 10 %
³ð 2.5: [éß> 3] &h6 x 
/BN:x ìøÍ]j¾¡§ /BN&ñ
 ̧½+Ë íß[j \P%o(SA)  íß[j SKP
1 S)AIP © © © © ©
1 PSALAF © © ©
1 PSASAIP © ©
³ð 2.6: Ãº1)¹כ)_ [éß> 3] &h6 x Êê
/BN:x ìøÍ]j¾¡§ /BN&ñ
 ̧½+Ë íß[j \P%o(SA)  íß[j SKP
1 S)AIP © © © © ©
1 PSALAF © © ©
2 PSASAIP © ©
³ð 2.7: Ãº2)¹כ)_ [éß> 3] &h6 x Êê
17







¿º 122>hsÙ¼Ð, :r&hÜ¼Ð 122>h_ /BN:x ìøÍ]j¾¡§s ̧Ø¦)a. :r ½̈\"f
H s ×æ ̂ Òqtíß ×æ|¾Ó_ 20%\¦ 	tH ©0A 20>h_ /BN:x ìøÍ]j¾¡§ëß ¦
9ôÇ.
A W1àÔ0>ß¼ü< °ú s íß[jü< \P%o  /BN:x /BN&ñ
Ü¼Ð %o÷& 9, s ¿º
/BN&ñ
\ è¹כ÷&H rçßëßpu ¦Ìo @/lrçßs éß»¡¤)a. z́]j X<s'\¦ ìr$3
 "é¶F«Ñ\"f Òqtíß î̈
çH 6{9s è¹כ÷&tëß ìøÍ]j¾¡§\"f ¢-a]j¾¡§̀¦ Òqt
íß î̈
çH 3{9Ð éß»¡¤Hd̀¦ 'a¹1Ï½+É Ãº e.
8Ô¦#Q ̧Ø¦ôÇ ìøÍ]j¾¡§Ü¼Ð Òqtíß½+É Ãº eH ¢-a]j¾¡§_ ×æ|¾ÓÉr 6£§õ °ú 
.
̂ A ÕªÒ̈
¢-a]j¾¡§ >hÃº 4600 921
ìøÍ]j¾¡§\"f Òqtíß  0pxôÇ >hÃº 424 162
̂ @/q ×æ|¾Ó 20 % 18 %






+þAo\ ¹ôÇכ9 Y>  t  &ñ





:r ̧+þA\"fH 1éß>\"f ̧Ø¦ôÇ ìøÍ]j¾¡§ 20>h\¦ @/©Ü¼Ð q6 x̀¦ þjèo
H ìøÍ]j¾¡§ yy_ 3lq³ð F¦|¾Ó(v)ü< FÐØæ ÅÒl(T )\¦ &ñ
ôÇ.
sM:,¦9Hq6 x¹כèH (1)ìøÍ]j¾¡§F¦ e̀¦M:, (2)F¦Òqtíßq
6 x, (3) _ ©z́ q6 x, (4) ïß>r  uÐ ½̈$í
)a.  &ñ
\ _K lost sales 
\OÜ¼ 9,F¦_Ä»Áº\Òqtíß~½Óds²útlM:ëH\â
Äº\¦¾º#QF
¦ Òqtíß q6 x̀¦ [jÂÒ&hÜ¼Ð ¦9ôÇ.
3.2  Ça
F¦ 'ao ̧+þAÉr Ãº¹כ  SX&ñ
&ht Ô¦SX&ñ
&ht\  ̧+þAoü< ]XH
ZOs ²ú. &³z́&hÜ¼Ð ̧H Ãº¹כH Ô¦SX&ñ
&hstëß Ãº¹כ &ñ
Ð\¦ Øæìr
y ·úÃº e {9&ñ
 J̀¦ 'a¹1Ï½+É Ãº e#Q"f )6 x  0px ̧	 #30A ?/\"f
Ãº¹כ\¦ \V8£¤½+É Ãº eÜ¼, s\¦ SX&ñ
&h Ãº¹כÐ  &ñ















Ér lost sales\¦ )6 xt ·ú§HH .s	כ sZ4 ÅÒëHÉr ¦
Ìos ÅÒëHH {©r F¦ Òqtíß 6 x|¾Ó 1px_ sÄ»Ð Òqtíß½+É Ãº \O̀¦ â
Äº, 
6£§ÅÒlÐÒqtíß̀¦pÀÒHpôÇ.:r_¦̀	כ ̧+þA\"fH¢-a]j¾¡§s/BN:x
ìøÍ]j¾¡§_ F¦ 'ao\¦ ÀÒl M:ëH\ lost sales\¦ ¦9t ·ú§H.
[j P:H ÅÒëH_ ß¼lH 1lx{9ôÇ lot sizeÐ µ1ÏÒqtH  &ñ





Äº\ è¹כ÷&H rçßÉr yy ©ÃºÐ ¦&ñ
)aH .s	כ
t}  &ñ
Ér Òqtíß 6 x|¾Ó  &ñ
s. éß{9 /BN:x ìøÍ]j¾¡§ ̧+þA\"fH Òqtíß
6 x|¾Ós ÁºôÇ¦  &ñ
¦, 4¤Ãº ̧+þAÉr ìøÍ]j¾¡§ Òqtíß\ ¹ôÇכ9 éß0A /BN&ñ

Z> Òqtíß 6 x|¾Ó̀¦  &ñ
ôÇ.
z́]j íß\O &³©\"fH ìøÍ]j¾¡§õ ¢-a]j¾¡§ Òqtíß\ 6 x÷&H l>\¦ Ð Ñüt
ÃºeHs	כ_l>\"f/BN:xìøÍ]j¾¡§õìøÍ]j¾¡§̀¦ ̧¿ºÒqtíßôÇ.
"f ôÇ l>_ Òqtíß 6 x|¾Ó̀¦ {9&ñ
 qÖ¦Ð ¾º#Q ìøÍ]j¾¡§̀¦ ÒqtíßHX< ½+É
{©KôÇ./BN:xìøÍ]j¾¡§\9¹כôÇ/BN&ñ
Éríß[jü<\P%o¿º tÐ:r ̧+þA
\"fH y éß0A /BN&ñ
 Z> ÀÒ Òqtíß 6 x|¾Ó_ 20%\¦ ìøÍ]j¾¡§ Òqtíß 6 x|¾ÓÜ¼Ð  
&ñ






 ÃºH ¿º >hÐ /BN:x ìøÍ]j¾¡§ yy_ 3lq³ð F¦|¾Ó(v)ü< FÐ
Øæ ÅÒl(T )s.
ÕªaË> 3.1: ÕªÒ̈ 1_ /BN&ñ
 ̧½+Ë W1àÔ0>ß¼
3.4 j£ ÁþÊÁ
3.4.1 ð5V̧ =§  ÑÏÐM ¿RËÁ
:r ̧+þA\"fH Ãº¹כ  Ô¦SX&ñ
&hÜ¼Ð µ1ÏÒqtl M:ëH\ F¦ Ä»t q6 x̀¦ î̈

çH °úכÜ¼Ð ìøÍ%ò
½+É Ãº \O. r ú́K, FÐØæ ÅÒl 1lxîß éß0A rçß ìøÍ]j¾¡§
F¦ Ãºïr\ Ér F¦ Ä»tq6 x̀¦ >íßK Ù¼Ð A ÕªaË>õ °ú s ÕªA
áÔ_ &h̀¦ >íß# q6 x̀¦ ¦9ôÇ.
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ÕªaË> 3.2: ÕªÒ̈ 1_ /BN&ñ
 ̧½+Ë W1àÔ0>ß¼
3.4.2 ð5V̧ =§  á!ÐM ¿RËÁ
F¦  è)a Êê µ1ÏÒqtH Ãº¹כ\¦ ÀÒH ~½ÓZOÉr ¿º  ts. 'Í	P:H lost
sales\¦  &ñ
# ¦Ìo "fqÛ¼ Ãºïr $\ Ér JV,w q6 x̀¦ ¦9H 	כ
s.
ÕªXOt ·ú§Ér â
Äº\H ̧ÃÌ ÅÒëH̀¦ ̧¿º Øæ7á¤rv 9, ]j¾¡§ Òqtíß ~½Ód_
	s\  F¦ Òqtíß q6 x_ ¦9\¦ ²úoH .s	כ
:r ̧+þA_ â
Äº lost sales\¦ )6 xt ·ú§tëß, ìøÍ]j¾¡§ F¦  eH â
Äº
\H ìøÍ]j¾¡§\"f ]j¾¡§̀¦ Òqtíß 9,  â
Äº\H "é¶«Ñ\"fÂÒ' ]j¾¡§̀¦ Òqt
íß# /BN/åLôÇ. 7£¤, Òqtíß ~½Ód_ 	s\ Ér q6 x̀¦ yy ¦9ôÇ.
• ¦&ñ
 q6 x
-  ấØ̧ =§%× »jñ5Ñ: ìøÍ]j¾¡§̀¦ 3lq³ð F¦ Ãºïrt 5Åq&hÜ¼Ð Òqtíß½+É
M: §Ça j£ l 1m¬ L±Ó»j<Ê.
- ð5V̧ =§ ¿ë> Ññ: Òqtíßs Ô¦5Åq&hÜ¼Ð µ1ÏÒqtl M:ëH\ ¦&ñ
 q
6 x̀¦ >hZ>&hÜ¼Ð ¦9½+É  ¹כ9 e6£§.
H :£¤Ãºy©_ â
Äº l>r\ Ãº¹כ  1r /BN&ñ
 %o lïr|¾Óëßpu Áú¢s s
\¦ CuÐ Òqtíß<Ê. "f =§ ¿ë> ÑñÉÙ'a =×» ÌÁe K±Óm L±Ó»j
ÐM ÌÁ%K£· 1m¬ e)K%×ãÃ× "K Ì}.ÊÁï5Ñ<³ 5ß~
 §Çaj£ £· §b<Ê.
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• 1lx q6 x
-  ấØ̧ =§%× »jñ5Ñ:ìøÍ]j¾¡§̀¦3lq³ðF¦ÃºïrtÒqtíßHX<µ1ÏÒqtH
q6 xÜ¼Ð ìøÍ]j¾¡§_ éß0A {© Òqtíß q6 x >Ãºü< Òqtíß|¾Ó_ YLÜ¼Ð >íß½+É
Ãº e6£§.
- ð5V̧ → µìV̧: ¢-a]j¾¡§ Z> Òqtíß rçßs ØÔl M:ëH\ ]j¾¡§ éß0A {©
éß0A rçß_ Òqtíß q6 x >Ãºü< Òqtíß rçß, Òqtíß|¾Ó_ YLÜ¼Ð ³ð&³½+É Ãº
e6£§.
- xjSכØ → µìV̧: 0Aü< 1lx{9.
- H :£¤Ãºy©_ â
Äº ìøÍ]j¾¡§ → ¢-a]j¾¡§õ "é¶«Ñ → ¢-a]j¾¡§_ â
Äº yys
3{9 6{9s è¹כHd. "f ]j¾¡§ éß0A {© ̧Ø¦)a lçß ëßpu µ1ÏÒqtH q
6 x̀¦ >ÃºÐ ¦9# Òqtíß|¾Óõ_ YLÜ¼Ð ¦9<Ê.
3.4.3 ¤n>+ (×
 j£ 
:r ½̈_ 3lq³ðH ¦Ìo o×¼e̀¦ éß»¡¤<ÊÜ¼Ð+ ¦Ìo "fqÛ¼ Ãºïr̀¦ ¾Ó©
rvHX<e.s\¦0AK¦Ìo@/lrçß̀¦U́>ëß×¼H¹̀כ¦q6 xÜ¼Ð¦




Äº ìøÍ]j¾¡§ F¦  è÷& ¦ÌoÉr 3{9̀¦ ÆÒ &hÜ¼Ð 8
l9ôÇ. "f, U́#QtH @/lrçß 1lxîß ¦ÌosÖ¼zH q6 x̀¦ _
©z́ q6 xÜ¼Ð ¦9ôÇ.
sM: q6 x >ÃºH ¢-a]j¾¡§ î̈
çH  _ {9&ñ




ÕªaË> 3.3: ïß>r u\¦ ¦9t ·ú§Ér â
Äº
3.4.4 ó5Ñ×iµ n
:r ̧+þAÉr éß{9 lçßs ÁºôÇ >S\ lçß 1lxîß ìøÍ4¤Hd̀¦  &ñ
ôÇ. s%!3 Ä»
ôÇ >S\ lçß ëH]j_ â
Äº FÐØæ ÅÒl ú́\ ìøÍ]j¾¡§ F¦  è÷&t ·ú§¦
zH â
Äº  µ1ÏÒqt½+É Ãº e.
:r ̧+þA̀¦ Û¦ FÐØæ ÅÒl ìøÍ]j¾¡§ 3lq³ð F¦|¾Óëßpu̀¦ >5Åq Òqtíß
> )a. ëß{9 zÉr F¦_  u\¦ ¦9t ·ú§Ü¼ 6£§ ÅÒl_ F¦H (3lq
³ð F¦|¾Ó +  ÅÒl_ zÉr F¦|¾Ó)Ü¼Ð ¾º&h)a(ÕªaË> 3.4).
sM: ̧+þA_ q6 xõ z́]j q6 x_ 	s  µ1ÏÒqtÙ¼Ð ÅÒl ú́\ zÉr ìøÍ
]j¾¡§_ ïß>r u\¦ seÜ¼Ð ¦9KôÇ.




3lq&h <ÊÃºH éß0A rçß{© q6 x <ÊÃº þjèos 9, sM: q6 x <ÊÃºH ·ú¡\"f
"fÕütôÇ y ¹èÐכ ½̈$í
)a.
4¤Ãº ÅÒl\¦ &ñ
KH ÂÒìrs :r ½̈_ ̧+þA̀¦ #Q§>> ëßH. 
"f p'\¦ ̧{9# ìøÍ]j¾¡§s  éß{9 ̧+þA̀¦ $ &ñ
_ôÇ Êê ]j
d̀¦ ÆÒ # 4¤Ãº ̧+þAÜ¼Ð SX©ôÇ.
3.6 Ø̧e
̧+þAo\ ·ú¡"f ³ðlZO̀¦ &ñ
ox. 6£§_ ³ðlZOÉr éß{9 /BN:x ìøÍ]j¾¡§ ̧
+þA̀¦@/©Ü¼Ð¦,4¤Ãº ̧+þAÜ¼ÐSX©½+ÉM:ÆÒ ÷&H³ðlZOÉrÐ"fÕüt
x. sM: éß0A rçßÉr ÀÒ\¦ _pôÇ.
• p'
c : /BN:x ìøÍ]j¾¡§ éß0A Òqtíß q6 x
p : /BN:x ìøÍ]j¾¡§\"f Òqtíß½+É M:, ]j¾¡§ éß0A{© ÀÒ_ /BN&ñ
 %o q6 x




h : 1r /BN&ñ
 %o lïr|¾Ó
α : /BN:x ìøÍ]j¾¡§\"f Òqtíß½+É M: è¹כ÷&H rçß
β : "é¶F«ÑÐÂÒ' Òqtíß½+É M: è¹כ÷&H rçß
l : éß0A rçß {© µ1ÏÒqtH _ ©z́ q6 x
d : ÅÒëH {© î̈
çH Ãº¹כ
r : éß0A rçß sÖ¦
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v : /BN:x ìøÍ]j¾¡§ 3lq³ð F¦|¾Ó
T : /BN:x ìøÍ]j¾¡§ FÐØæ ÅÒl
3.7  ấ\ÁþÊÁÿ? j£ ÁþÊÁ
t FKt ¶ú(R:r  &ñ
õ q6 x <ÊÃº\ ¦9|̈c ¦¹è[þt̀כ Ãºd +þAIÐ ¶ú(RÐ
.




sM: g(v, T )H q6 x <ÊÃºÐ 3lq&h<ÊÃºH éß0Arçß{© q6 x <ÊÃºÐ &ñ
_
 9, q6 x <ÊÃº g(v, T )H A_ (1) ∼ (8)_ ½+ËÜ¼Ð ³ð&³)a.
• q6 x <ÊÃº g(v, T )






























(kd− v + (v − kd)+) 1
: Tlçß 1lxîß "é¶F«ÑÐÂÒ' ¢-a]j¾¡§̀¦ Òqtíß½+ÉM: tÔ¦H l@/ q6 x





(kd− v + (v − kd)+)
: Tlçß 1lxîß "é¶F«Ñ\"f ¢-a]j¾¡§̀¦ Òqtíß½+É M: ¦Ìos ìøÍ]j¾¡§ F¦ 








kd− v + (v − kd)+
h
)
: /BN:x ìøÍ]j¾¡§s è)a sÊê_ ÅÒëH\ @/ôÇ >hZ> ¦&ñ
q6 x_ lÎ.	°úכ
(8) f : /BN:x ìøÍ]j¾¡§̀¦ 3lq³ð F¦ Ãºïrt Òqtíß½+É M:_ ¦&ñ
q6 x
1kd− v + (v − dk)+ = (kd− v)+
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3.8 í5
 ð5V̧ §«כ ¿ÌfC
]X 3.4\"f ¶ú(R:r 3lq&h<ÊÃºü< q6 x <ÊÃº\¦ &ñ
o Aü< °ú ¦, sH éß
{9 /BN:x ìøÍ]j¾¡§ ̧+þAs )a.
%KV 3.8.1 éß{9 /BN:x ìøÍ]j¾¡§ ̧+þA
minv,T g(v, T )/T
sub.to v > 0 , T > 0




































3.9 ¡́ÊÁ ð5V̧ §«כ ¿ÌfC
]X 3.3\"f "fÕütôÇ ³ðl\ A_ ³ðl\¦ 8 ÆÒ # éß{9 /BN:x ìøÍ]j¾¡§ ̧
+þA̀¦ 4¤Ãº ̧+þAÜ¼Ð SX©KÐ.
•  oÛ¼
n : /BN:x ìøÍ]j¾¡§, n = 1, · · · , N
j : /BN:x /BN&ñ
, j = 1, · · · , J
• p'
dn : /BN:x ìøÍ]j¾¡§ nÜ¼Ð ëß[þt Ãº eH ¢-a]j¾¡§_ ÅÒëH {© î̈
çH Ãº¹כ
wj : /BN:x /BN&ñ
 j_ ÀÒ éß0A_ Òqtíß  0px 6 x|¾Ó
• &ñ
 Ãº
vn : /BN:x ìøÍ]j¾¡§ n_ 3lq³ð F¦|¾Ó
Tn : /BN:x ìøÍ]j¾¡§ n_ FÐØæ ÅÒl
4¤Ãº /BN:x ìøÍ]j¾¡§ ̧+þAÉr éß{9 ̧+þA_ 3lq&h <ÊÃºü< q6 x <ÊÃº\¦ ìøÍ]j¾¡§
_ >hÃº(n)ëßpu 8KÅÒ¦, /BN:x /BN&ñ
\ 5ÅqH éß0A /BN&ñ














lcm(T1, T2, · · · , Tn)
Tn
vn 6
lcm(T1, T2, · · · , Tn)
Tn
wj , ∀j
v > 0, ∀n
T > 0 ∀n





































s ©\"fH 3©\"f &ñ
_ôÇ éß{9 ̧+þA ëH]j 3.8.1\"f T  ¦&ñ
÷&%3̀¦
M: 3lq&h<Ê<ÊÃº  v\ ̂¦2¤<Ê̀¦ Ðs¦, 4¤Ãº ̧+þA ëH]j 3.9.1_ #Q9¹¡§\
@/K "fÕütôÇ. éß{9 ̧+þA_ $í
|9̀¦ ½ÓÜ¼Ð ëH]j 3.9.1\¦ Û¦l 0AôÇ Êëo
Û¼hË:̀¦ ]jîßôÇ.
4.1 í5
 ð5V̧ §«כ ¿ÌfC+ ÊÁh\ Ä©¿
$ éß{9 ̧+þA_ Ãºo&h ½̈̧\¦ ¶ú(RÐ.
éß{9ìøÍ]j¾¡§ ̧+þA_3lq&h<ÊÃºH&ñ
Ãº ¿º>h(v, T )X<,Ãº ¿º









sM:, T (1 6 T 6 M)  ©ÃºÐ ¦&ñ
)a <ÊÃº minv g(v;T )/TH T\ @/ôÇ <Ê
Ãº(h(T )) )a."f h(T )\¦þjèorvH T\¦¹1ÔÜ¼̂3lq&h<ÊÃº\¦
þjèo½+É Ãº e.
sQôÇ 'a&h\"f T (1 6 T 6 M)  ¦&ñ
)a v\ @/ôÇ <ÊÃº g(v;T )/T_
½̈̧\¦ ¶ú(RÐ. $, f'a̀¦ %3l 0AK <ÊÃº_ ÕªAáÔ\¦ ¶ú(RÐ.
ÕªaË> 4.1Ér T  ¦&ñ
)a g(v;T )/T\¦ v\ @/ôÇ pìr°ú̀כ¦ ?/¦ eHX<,
sH <ÊÃº_ lÖ¦l\¦ _pôÇ. lÖ¦l  6£§Ãº°úכ\"f Ø¦µ1ÏK"f v  &|9Ãº
2¤ lÖ¦l °úכs &t 9, þjíÐ ªÃº°úכs )a Êê\̧ 8 	H ªÃº  Hd̀¦ 'a¹1Ï
½+É Ãº e. ÕªaË> 4.2Ér T  ¦&ñ
)a <ÊÃº g(v;T )/T_ <ÊÕüw°ú̀כ¦ ·p.
¿º ÕªAáÔ\¦ :xK T  ©ÃºÐ ¦&ñ
÷& g(v;T )/TH v\ @/K ̂¦2¤<Ê̀¦






ÕªaË> 4.1: ∂g/∂v ÕªAáÔ




(RÐ. $ éß{9 /BN:x ìøÍ]j¾¡§ ̧+þAÉr ]X 4.1\"f ̂¦2¤$í
̀¦  tH ¦̀	כ ¶ú
(RÐ¤. ̂¦2¤ þj&ho ̧+þA̀¦ þjèo½+É M:H pìr °úכs 0s÷&H stationary
point\¦ ¹1ÔH s	כ {9ìøÍ&hs. tëß T  ¦&ñ
)a éß{9 ̧+þA_ â
Äº v Ãº
32
¹כ d_ CÃº t&h  pìr Ô¦0px&hs ÒqtlH +þAIsl M:ëH\ stationary
point\¦ ¹1Ô̀¦ Ãº \O.
"f T (1 6 T 6 M)  ¦&ñ
)a <ÊÃº g(v;T )/T\¦ v\ @/K v\ @/ôÇ p
ìr °úכs þjíÐ ªÃº  ÷&H t&h̀¦ ¹1Ô K\¦ %3H.
ÕªXO 4¤Ãº ̧+þAÉr #QbG> Û¦ Ãº e̀¦? 4¤Ãº ̧+þA̀¦ Û¦l #Q§>>
ëß×¼H ¹Érכ /BN:x ìøÍ]j¾¡§ >hÃº(n)ëßpu y vnõ Tn_ °ú̀כ¦ ¹1Ôl ëH
s. sü< 'aºôÇ l>r_ ëH]j\¦ ¶ú(RÐ JRP\"f Ä»$í
̀¦ ¹1Ô̀¦ Ãº e
. JRPH 4¤Ãº ]j¾¡§_ ÅÒëH|¾Óõ ÅÒëH ÅÒl\¦ ½̈H ëH]j\¦ {9(H. s
H EOQ ̧+þA\"f SX©÷&%3HX< s ¿º ëH]j_ 'a>H :r 7HëH\"f ÀÒH
éß{9 ìøÍ]j¾¡§ ̧+þAõ 4¤Ãº ̧+þA_ 'a>ü< Ä».
{9ìøÍ&h JRPH NP − hard ëH]jes ·ú94R e(Arkin et al., 1989).
7£¤, s ëH]j\¦ Û¦ Ãº eH ½Órçß ·ú¦o1pus \Ol M:ëH\ sü< 'aºôÇ 
ªôÇ ÊëoÛ¼hË:\ @/ôÇ ½̈  '÷&#Q M®o. s ëH]j\"f  © #Q9îr ÂÒ
ìrÉr ]j¾¡§_ FÐØæ ÅÒl Tn\¦ ½̈H ,>X	כ "f @/ÂÒìr_ ÊëoÛ¼hË:Ér
Tn̀¦ ÀÒl ~1> ]jôÇ̀¦ ¿ºH \	כ |9×æ÷&#Q e.
:r 7HëH\"f ÀÒH 4¤Ãº ̧+þA_ â
Äº̧ Tn\¦ yy ½̈KôÇH s	כ
ëH]j\¦#Q§>>ëß[þtlëH\ JRP\¦KHÊëoÛ¼hË:\"fKZO_sn#Q
\¦ %3HX<, :£¤y Power-of-Two policy\¦ ¦9ôÇ.
Power-of-Two PolicyH Jackson et al., (1985)  %6£§ ]jîßÙþ¡HX<, sH
FÐØæ ÅÒl Tn\¦ 2_ 5pxÃº °úכÜ¼Ð ̧&ñ
# ëH]j\¦ ÉÒH ¦̀	כ {9(Ü¼ 9, s
½©gË:̀¦&h6 x 6% ̧	\"fþj&hK\¦Ð©ôÇH̈½Ð%i.ÆÒÊê¦̀	כ
\¦ :xK 2% ̧	 #30A ?/\"f þj&hK\¦ Ð©<Ê̀¦ Ð%i(Roundy, 1985).
sXO> Tn_ °ú̀כ¦ ̧&ñ
K̧ þj&hKü< ̧	  >H sÄ»H JRP 





¾Ó̀¦ ÅÒt ·ú§HH ¦̀	כ _pôÇ.
r :r 7HëH_ ̧+þAÜ¼Ð [tü<"f éß{9 /BN:x ìøÍ]j¾¡§ ̧+þA_ â
Äº  &ñ





½+É Ãº e. 8Ô¦#Q ÕªaË> 4.3Ér T  ¦&ñ
)a <ÊÃº
g(v;T )/T_ <ÊÕüw°ú̀כ¦ ?/HX< þj&hK sÊê\ v°úכs &t8̧ <ÊÃº °úכ
s ß¼> 7£x t ·ú§6£§̀¦ ·ú Ãº e.
ÕªaË> 4.3: g(v;T )/T ÕªAáÔ
sQôÇ $í
|9\ lìøÍK"f ÄºoH 4¤Ãº ̧+þA̧ sensitivity $í
|9̀¦  f̀¦
Û¼XO> Òqty½+É Ãº e. þj&h T ∗nÐ 	H Tn\¦ 6 x8̧  0pxKH
Ä»t÷& 9, 3lq&h<ÊÃº °úכ ¢̧ôÇ ß¼> 7£x t ·ú§6£§̀¦ \V©½+É Ãº e.




̀¦ ½ÓÜ¼Ð 4¤Ãº ̧+þA\"f T1, T2, · · · , Tn_ °úכs ¦&ñ






H v1, v2, · · · , vn\ @/K ̂¦2¤s.
¢̧ôÇ ]jdÉr v\ @/K +þAsÙ¼Ð s ëH]jH ̂¦2¤ þj&ho ëH]j  )a. s
QôÇ $í
|9̀¦ ½ÓÜ¼Ð 6£§_ ÊëoÛ¼hË:̀¦ ]jîßôÇ.
34
• ÊëoÛ¼hË:





2. T ∗n 6 2
ρn
̀¦ ëß7á¤H  © Ér &ñ
Ãº ρn̀¦ ½̈ôÇ.
3. Tn = 2ρn , ∀nÜ¼Ð¦&ñ
ôÇ4¤Ãº/BN:xìøÍ]j¾¡§ëH]j\¦Û¦#Q v1, v2, · · · , vN̀¦
½̈ôÇ.
:r 7HëH\"f ]jîßH ÊëoÛ¼hË:Ü¼Ð %3H KH éß{9 ̧+þA̀¦ Û¦#Q %3Ér
T ∗n\¦ lìøÍÜ¼Ð 4¤Ãº ̧+þA̀¦ ÉÒH sl	כ M:ëH\ z́]j 4¤Ãº ̧+þA\"f vnõ
Tn\¦ ÃºÐ ¿º¦ ÉÒH ̧+þAõ q§Ùþ¡̀¦ M: °úכs \¦ Ãº e. sH EOQ
̧+þA_ sensitivity $í
|9̀¦ ½ÓÜ¼Ð l ëH\ z́]j þj&hKü< ß¼> ØÔt
·ú§6£§̀¦ slK ×¦ Ãº e. ¢̧ôÇ /åLôÇ ü< °ú s {9ìøÍ&h JRP ̧+þAÉr
NP − hardÐ ½Órçß ?/\ ëH]j\¦ Û¦Ãº \Otëß, :r 7HëH\"f ]jîßH Êë
oÛ¼hË:Ér <ÊÃº_ ̂¦2¤$í
\ lìøÍ# subgradient ·ú¦o1pu̀¦ 6 x# Ér
rçß\ Û¦ Ãº e.
:r 7HëHÉr z́]j :£¤Ãºy© íß\O_ ëH]j\¦ ÀÒ¦ el ëH\ senstivity $í
|9
\ _K {9&ñ
 ̧	\¦ )6 x½+É Ãº e &ñ
SXôÇ þj&hK\¦ ¹1ÔH 	כ Ð Ér
rçß ?/\ ëH]j\¦ Û¦#Q ¦Ìo Ãº¹כ\ @/6£xH s	כ 8¹¡¤ ×æ¹כ. 8Ô¦#Q
ÕªaË> 4.4̀¦ Ð Power-of-Two policy\¦ &h6 xÙþ¡̀¦ M: %3̀¦ Ãº eH ÅÒl \Vr
\¦Ð#ïr.sHÅÒlF¦'ao\¦r'½+ÉM::£¤&ñ
s9þt̀¦lïrÜ¼ÐF¦
\¦ 'ao½+É Ãº el M:ëH\ F¦\¦ ò́Ö¦&hÜ¼Ð 'ao½+É Ãº e.
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s ©\"fH éß{9 ̧+þA̀¦ \PZO(enumeration)̀¦ :xK ̧Ø¦ôÇ K\¦ ¶ú(R
Ð¦4¤Ãº ̧+þA\ÊëoÛ¼hË:̀¦&h6 xôÇz́+«> õ\¦]jrôÇ.s\¦:xK/BN:x
ìøÍ]j¾¡§_ &h6 x ò́õ\ @/K ¶ú(R:r.
5.1 i'a
:r 7HëH\"f 6 xôÇ p'H :£¤Ãºy© l\O_ z́]j q6 xõ A?/%i X<s
'\¦ lìøÍ# ̧Ø¦%i.
:£¤yÅÒëH{© î̈
çHÃº¹כ(d)H 2©\"f ̧Ø¦ôÇ 20>h_ìøÍ]j¾¡§yyÜ¼Ðëß
[þt Ãº eH ¢-a]j¾¡§_ {9Z> Ãº¹כ_ î̈
çH°úכÜ¼Ð [O&ñ
%i. ¿º P:Ð éß0A
rçß sÖ¦(r)Ér  &ñ
\"fü< °ú s çß sÖ¦, ]j¾¡§ ̧Êê q6 x, [j FK, $©
q6 x̀¦ ̧¿º ½+Ë5g sÖ¦Ð íß&ñ
%i. 6£§Ü¼Ð /BN:x ìøÍ]j¾¡§\"f Òqtíß½+É
M: è¹כ÷&H rçß(α)õ "é¶F«ÑÐÂÒ' Òqtíß½+É M: è¹כ÷&H rçß(β)Ér A?/
%i X<s'Ð ÂÒ' :x©&hÜ¼Ð oH rçß̀¦ ̧Ø¦%i. W1 P:Ð ìøÍ]j¾¡§
s è÷&#Q "é¶F«Ñ\"f ]j¾¡§̀¦ ëß[þt M: µ1ÏÒqtH _ ©z́ q6 xÉr :£¤Ãºy©
]j¾¡§_ î̈
çH q6 x_ 5%Ð íß&ñ
%i. t}Ü¼Ð poisson ìrí >íß\ 
6 x÷&H éß0A rçß {© ÅÒëH SÃº (λ)H 20>h_ ìøÍ]j¾¡§ yyÜ¼Ð ëß[þt Ãº eH
¢-a]j¾¡§_ {9Z> î̈





/BN:x ìøÍ]j¾¡§_ ̧{9 #ÂÒ  H ÂÒìrÉr _ ©z́ q6 xõ ¦&ñ
q6 xs
. "f z́+«>\"fH 	YVÐ ¿º q6 x_ â




 j£ Uc ÒR Úr
ø
ÀÒ {© _ ©z́ q6 x̀¦ ¢-a]j¾¡§  _ 0%,∼ 5%Ð  &ñ
# éß{9 ̧+þA̀¦
ór õs. sM: ¢-a]j¾¡§Ér :r{© 100ëß"é¶Ü¼Ð  &ñ
%i.





éß{9 ̧+þA̀¦ Û¦#Q %3Ér ÅÒl\¦ ¦&ñ
# _ ©z́ q6 x Z> 4¤Ãº ̧+þA̀¦
Û¦ _ ©z́ q6 x_ o\H q6 x 	s  ß¼> \O¦, 6 x|¾Ó\  ß¼>














































5.2.2 §Çaj£ Uc ÒR Úr
ø
¦&ñ
q6 x_ 	s\ Ér éß{9 ̧+þA z́+«> õ\¦ ¶ú(RÐ q6 x o\ 
%3#QtHÅÒl_o Ìº§Â	<Ê̀¦·úÃºe.sHz́]jíß\O\"f:£¤&ñ
:rëß
pu ÅÒëHs Áú¢s ôÇ  /BN&ñ
 %oôÇ¦  &ñ
KÐ. ìøÍ]j¾¡§ 20>hÐ ëß[þt
Ãº eH ¢-a]j¾¡§Ér ÀÒ î̈
çH 114:r_ ÅÒëHs µ1ÏÒqtHX<, s\¦ 30:r  %
oôÇ¦ Òqty ÀÒ\  4_ ¦&ñ
q6 xs µ1ÏÒqt>)a. tëß, s
\¦ìøÍ]j¾¡§Ü¼Ð5Åq&hÜ¼Ð%o>÷&ôÇ_¦&ñ
q6 xëßµ1ÏÒqtlM:ëH
\ ìøÍ]j¾¡§ ̧{9s _p  eH .s	כ

























 j£ l á!£· D1+ Úr
ø
sH ¦Ìos laË>̀¦ 6 xH ¦̀	כ _pHX<, s â
Äº\̧ ìøÍ]j¾¡§̀¦ ̧
{9H s	כ q6 x yè\ ò́õ&hsH ¦̀	כ z́+«>&hÜ¼Ð ·ú Ãº e.
sH ìøÍ]j¾¡§̀¦ ÒqtíßH 	כ ̂ÐÂÒ' ¦9÷&H ¦&ñ
q6 x_ SÃº  ×¦
#Q[þtl M:ëHs.
표 5.5: _ ©z́ q6 xs \OH 경Äº_ 3lq&h<ÊÃº °úכ (éß0A: ëß"é¶)
43
6. Úr
Òeµ  ÍÙÑñ øV
:r 7HëH\"fH íHÃºôÇ pull |ÄÌÜ¼Ð îr%ò
÷&#Q:r :£¤Ãºy© íß\O\ t |ÄÌ
̀¦ &h6 x# q6 x ]Xy x9 ¦Ìo ëß7á¤̧ ¾Ó©_  0px$í
̀¦ 'a¹1ÏÙþ¡. s\¦ 0A
K $ :£¤Ãºy© 8̈â
̀¦ 'a¹1Ï# Ä»_pôÇ /BN:x ìøÍ]j¾¡§̀¦ ̧Ø¦¦, ̧Ø¦)a
/BN:x ìøÍ]j¾¡§_ 3lq³ð F¦|¾Óõ FÐØæ ÅÒl\¦ ½̈H Òqtíß >S\ ëH]j\¦ &ñ
_
¦ s ëH]j\¦ ÉÒH ÊëoÛ¼hË:̀¦ ]jîß# ëH]j\¦ K%i.
z́+«> õ, /BN:x ìøÍ]j¾¡§ ̧{9 Êê\ q6 xs yèH ¦̀	כ 'a¹1Ï½+É Ãº e
%3.
ÆÒÊê\H &³F Äºo ½̈\"f ÀÒH ¢-a]j¾¡§̀¦ ̂Ð SX@/r& 8¹¡¤ &³
z́&h ëH]j\¦ ÀÒH ½̈  ¹כ9. &³F A ÕªÒ̈̀¦ @/©Ü¼Ð ìøÍ]j¾¡§̀¦
̧Ø¦%i¦sQôÇìøÍ]j¾¡§ÉrÅÒÐ AÕªÒ̈_¢-a]j¾¡§̀¦ÒqtíßHX<6 x)a.
"f &³F_ ½̈\¦ SX@/# Bü< C ÕªÒ̈_ ¢-a]j¾¡§̀¦ <Êa ¦9H &³
z́&h ëH]j  ¦9÷&#Q ôÇ.
:r 7HëH\"f &ñ
_ôÇ 4¤Ãº /BN:x ìøÍ]j¾¡§ ̧+þA_ Ãºo&h ½̈̧\¦ ¶ú(R &³F
ÊëoÛ¼hË:̀¦ >hH ½̈  '÷&#Q ôÇ.
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7. ÉÙ́
éß{9 /BN:x ìøÍ]j¾¡§ ̧+þA_ 3lq&h<ÊÃº\"f T  ©ÃºÐ ¦&ñ
÷& g(v;T )/TH
v\ @/K ̂¦2¤e̀¦ Ðs.
g(v;T )/T_ y ½Ós ̧¿º v\ @/K ̂¦2¤e̀¦ Ðs¦, ̂¦2¤<ÊÃº_ ½+ËÉr
̂¦2¤e̀¦ :xK ̂ <ÊÃº  ̂¦2¤e̀¦ Ðs. sM:, 1TÉr ©Ãºsl M:ëH\
g(v;T )_ ̂¦2¤$í
̀¦ ÐsH Ü¼Ð	כ Øæìr.
$,éß{9/BN:xìøÍ]j¾¡§ ̧+þA̀¦çßéßy&ñ
oôÇÊêy½Ó\@/K¶ú(RÐ.
g(v, T )/T = 1T
{






















i) f1(v) = (c + pα− qβ − l(β − α)− fd )v{9M:, f1(v)H v\ @/ôÇ 1	 <ÊÃº
sÙ¼Ð ̂¦2¤<ÊÃºs.





(v − kd)+ s¦, v1, v2 ∈ domf2(v), µ : 0 6
































_\ _K f2(v)H ̂¦2¤<ÊÃºs.







(v − kd)+dts¦, v1, v2 ∈ domf3(v), ν :









































_\ _K f3(v)H ̂¦2¤<ÊÃºs.
 Qt ½ÓÉr ̧¿º ©Ãºs 9, ̂¦2¤<ÊÃº_ î̈
's1lxÉr ̂¦2¤$í
̀¦ Ä»tr
v 9, ̂¦2¤<ÊÃºH ½+Ëõ ©Ãº YL\ {)el M:ëH\ ̂ T  ¦&ñ
)a <ÊÃº
g(v;T )/TH v\ @/K ̂¦2¤s. 
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The steel industry is divided into the Integrated Steel Mill Industry(ISM)
and Special Steel Mill Industry(SSM).
ISM is easy to apply push-pull hybrid strategy, whereas forr the SSM
only the Pull strategy has been considered. In this paper, we consider push-
pull boundary optimization problem to reduce costs and improve customer
service level.
As a representative hybrid strategy, the delayed differentiation strategy
is based on inventory of common semi-finished products. It means that if the
actual demand arrives, it will be supplied through the remaining processes.
In this study, first, we derived semi-finished products through the anal-
ysis of product, raw material, product processes, and define the problem of
inventory management of semi-finished products to achieve push-pull border
optimization.
Specifically, the problem of semi-finished goods inventory management is
deciding target inventory and the replenishment cycle. This problem is sim-
ilar with the Joint Replenishment Problem (JRP), where both problems are
finding multiple cycle makes the problem difficult. Therefore, Solve problems
through heuristics.
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JRP, known as NP − hard, fixes the problem by fixing the period to
a constant value. In this model, similarly, the period is fixed by multiplier
of 2, power-of-two policy. Introduction of semi-finished products through
experiments, the cost was reduced compared to before.
Keywords : Postponement strategy, Special steel industry, production plan-
ning problem, JRP
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